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PROBLEM TO BE SOLVED: To surely provide high- 
output operation as well as high-temperature 
operation by suppressing variation in heights of active 
layers of an monolithic semiconductor laser device 
array for stable self-excited oscillation 
characteristics. 

SOLUTION: On a substrate 1 1 of n-type GaAs, 
infrared semiconductor laser devices 1A and 2A 
isolated from each other by a separation channel 3 
are monolithically formed. On a buffer layer 12 of the 
infrared semiconductor laser device 2A, a height- 
adjusting buffer layer 20 of n-type GaAs is provided 
which is sequentially formed with an interval from the 
infrared semiconductor laser device 1 A and is 
adjusted in film thickness for improved crystallinity of 
semiconductor layers on the substrate 11 as well as 
for conformity between heights from the substrate 
surface of a first active layer 14 and a second active 
layer. Current block layers 17 and 27 have such 

composition as to be larger than the band gap of the active layers 14 and 24. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other 
than the examiners decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 




http://www19.ipdljpo.gojp/PA1/result/detail/main/wAAA5waOuvDA413320132P1.htm 03/09/02 



Searching PAJ 



2/2 <<—V 



[Number of appeal against examiners decision 
of rejection] 

[Date of requesting appeal against examiners 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www1 9.ipdl jpo.go jp/PA1 /result/detail/main/wAAA5waOuvDA41 33201 32P1 .htm 03/09/02 



Ut*D SB-ftifiSB JIElEfS 



(19)B*HftaiFJr (J P) (12) & fffl §^ & (A) UDftlfffiijaraS^ 

#^2001-320132 
(P2001-320132A) 
(43)^H B ¥^13^11^ 16H (2001. 11. 16) 



(51)lnta' 
HOIS 5/22 
5/065 



6 i 0 



FI 

HOIS 5/22 
5/065 



6 10 



^•v3-^♦(#%) 

5F073 



SSEIfcR *8&2fc fiS*Jfi©»13 OL (£23JD 



(ZOOMS* 


»H2001-48694(P2001-48694) 


(71)fflKA 


000005821 










(22)H1K0 


¥J5fcl3*p 2 £ 23 0 (2001. 2. 23) 




*Ejsn*tT»^n»ioo6«» 






(72)$89l# 




(31)fltffc|fc£3S#*f 


&BS2000- 53934 (P2000 -53934) 






(32)«5feB 


¥/£l2¥ 2^290 (2000. 2. 29) 






(33)«5yg£®a 


H* (JP) 


(72)369«f 


iftffl iEK 






















(74)«SA 


100077931 








#g± fltlffl & W7«) 






F^-A(#^) 5P073 AA13 AA53 AB06 CAD5 CAM 








CB07 DA05 DA35 EA26 



(54) B8W©««;] 4^1^17*^7 M-ftttt-roSS&frfc 



(5?) [£»] 

[RIB] .*yUf»*©4*»I/— 9»*7U-f©e 
ttlH±cD»*©tt6oftSjqilHrafcftt:, 

nffiCGaAsfr&fcilHRl 1±C 

i Afivsse#«»u— vm* 2 A#* y 'J s» * 
fc«**ntv^«. a««Bi!i/- tf^?2ACtt, 

*lS±**6kftCSIlfiSttll 4fc*2«SttH4:©S 

©GaAsj!pe>&Sii£iigffl-'W:77jf 2 OSWbT 
*fc, &tS7ny*jll7, 2 7l±&rSttl 1 

tftL?b*£. 



1A 



2A 



19 
18 
17 
16 
15 
14 

13 



17a 3 27a 

F9 



v v v 



29 
28 
27 
26 



20 
12 

11 



Bf!2001-320132(P2001-320132A) 



(2) 

/ 

fgl ©¥$&*>£&*& 1 77 -y HJf, ttftl9?9K 
»©±C«lS3ftfc$& 2 ©****&£*» lj^JRft' 

imm i ®tt*©±tuBa*ftfc* 2 sms©s& 3 ©* 

$tti>e>& SSg 2 * 7 >y Kli: cd U— 

xmstikn 1 **8l©il4 ©****»&)&* J& 3 * 
7 >y KB, 3 7 7 >y Kl©±CffM£n> BuKlfc 1 
rSftl J; *) fcx*;i/*-*+ >y 7# 5 <D*m& 
*64S»2JSttJl, SU ; ^2}Sttl©±t^?n 
&MS 2 3?Sli©!g 6 ©*9»fr & 5 8 4 * 7 «y HI i: 

&rr *sg 2 © i/— if m?t mz.. 

buIBB 2 © u— !f H5I3a«i:llii3^ 3 * 7 7 K 

si:©wcs:»te.n, ®E%2mm#mm mm 
gfflM >y 7 7 1 * M LX * * z t *imt t 6*«h*i/ 

[W*S2] ttB3!ll©l/— «f«?tt» ffj|3!g2 77 

•y FlcicMa b5IB^ listener 7&§ 

IBIS 1 rSftlf <fc 5 *>*§^x*;i,¥-¥* y 7£&off§ 

zo^m&frztiizm i ««t-d 7*«£t u 

fc©oxb5'f7*«©BBn**»%, mii3^2}S{41<J; 
9 ^x**¥-¥ T 7 9 ©¥$»*» £ 

&SSg2^7ny7l£fcb-u^c:i:£88ci:-rs » 
M*fi l t!3«©*«fti/— if^rH". 
[it*S 3 ] b5I3^ 1 ©1/— !T*m 1 ntfL 
7d <y ^l©MnaJt^S*i5H«t*H-S«ffiHt:« 
LT£fifc£[n!©*$!jH$r$i:> 131315 1 ti«t7D 7 7 

mmu^m<m^mimm^n\,xmmt.i5 

|Sj©ft»JiaT$i:©g#fl2 x 1 0-3~«j 1 x 1 0-2? 

«B«2©1/— tf*m t!il3S2m^7-D5;^l©ra 
P$fc££n*1S^KfcltSgfciiiK#LTSS&2niD 

©nasjf^i:, B5i3^2m^7-D-y^i©rapa5feisf$ «• 
< «wc *it as^ata Lxmts.i5tmmiJm% 

tvmifi® 2x10 1 x 1 0 - 2 * d i: 

fc-r zm&m 2 ce«©*««:u— if aHPTW . 

T-M^b3?££<^ HuE382mi£7 r a<y*Jfl±> $19 
ftSMo »J vitrei: zmttZBtm 2 (c§3i£ 
©*3KH/— tf^Zb-f. 
[IS*R5] h5I3^ lii^D^ 7«£tf£2 ^557- 
Of^Ili, £l$m§lt:mo'j>££irc:i;£8a£: 
t4ll*fl2fcia*©*##U— tf^?7U-f. » 



2 

D-y^Hi, ^l«mST-fiob^^tr-i:^8Si: 
*SSt#S2fcEtt©*3K*l/— tf*?7l/'f. 
[11*117] -©*«©±CJB1 »«!!©» 1©*« 

1 ^7 yHl*«JS-r*x«i:, 
b3I3^ 1 77 H1©±C» 2 ©*$»**,& Sfg 1 ?S 

Ilil&S 1 tS<4«©±t « 2 #^S©B 3 <D*mt> t> 

miI3^2 77 5;Hl©±t, ^ h7-f 7*tt©SPa5^ 
•&fiOH5i3^ 1 iStiS ©«^3fe & (S t A, if ©HX L& 
V^»4©iMMt*6fta» 1*»7*D »^J1*«J«1-* 

itniBSg 1 s^t-d «y 7i©±t mzmnsi>Z'£ti±m£ 

bfco-C$29SS©^5©^i*^f,*5^3777 

H>ii3a 3777 Ym<D±tmzmiz% 1 mss^n 7 7 

■©BBP»*«r««ft^*UT^ Bili3^l77 7K 
1> ^ltSttJi, »2^77H«, $1S«7-D7^1 
SIF$ 3 ^ 7 7 KJffcfl bTx >y^77*&fT'fe7 CI b£ 
«ky, 8513^177^^ ^lfSttl, 

®imS57-D77lStf^3 77>y HJBft^tr*l 
©^ftV— if^?SBfi£1-Si:ftt, Bui3-©Sfc± 

2 ©i/-if jR?Mfsa*^-r sxgiis 
mmm 2 ©i/-tf*^««s«©±t, ss 1 mmmvm 

6©^#(*^t,«:5^$SSffl^77 7HSffM1-5X 
mli3S5^^gffl^ y 7 rJf ©±KSg 1 ^mS©^ 7 ©* 

1313^4 77 7 Hl©±t, H5i3$l«ttlJ;Dt.x^ 
y7-*s^^8©^«:^t»*5l2tS<4 

ffiSSS 2 t£t£!©±fcfg 2 SISS©^ 9 ©*»»*» 5>& 
S^5 77 7 KSfeBfiKI-SXgi:, 
g5l3^ 5 7 7 7 Fl©±fc, b5!3^ 1 SSt^D 7«© 
MPSB©S^I«li:aiJI§l-©*lfiltJitFS^ h 7>f 7" 
tt©MPJS5S^*»fiot5B3^ 2 fSffiffr e.©*)fe)fe*« 
^:^i^l!RlRUftV^$ 1 0©^i*iPe.*S$2m8!t7*D 
7 7l^JfMtSXgi:, 

Bl!i3$2m«t7-D 7 7!©±Cii5I3HPgl5&£tf±HC 

fcfe7-c$2«ima©$i i©^«*A»e>*5$6^7 
7 KisjBfig-rsxgt, 

mm% 6777 H«©±t*it *h5I3^ 2 matT-n » 7 

l©raP^$:^tf^&V77U-t^ B5i3^^^Sffl^ 
7771. 8477* KH, ^2SttH, 85>7»F 
S> ^2SSit7D.y7lSU : ^6 77>y KltC^LTx 
7f-77"£:f?fc-5 Hiji3S?liSfflM.y7 7 
g477«yh-S, $2rSttl, *5*5yHJ|. S 



I£K|2001-320132(P2001-320132A) 



(3) 



[!»#5f8] it5Bl3 77 7Mlf;5tfl6 77 7 Fl 

a> ±mm±o>mmis>t><»%z<i>wmim± 1 /zmw 

T t ft Z <k 3 CjfcfS;* tit </> * z t fcftSt i: * * tt#« 
tti>e>ft2>ll77 7 K!£ffJfi£*SXgi;, 

Kjf©±fci2©*gttA>*>ftaiifs 
ii5Biif£tti©±fci2ssa©i3©*stt*>*>ft » 

Sl2y7 7 HH^ffMtSXgi:, 

I5B1 2?7V KS©±tc, H5B1 1 i£ftHA»c>©&3fc 

3mE^Wft*^fe^*4©4^fr*>fc3*l«» 

h5B1 1 7 s?m<D±£#\i 51 1 ©I/— !f^? 

JfM8W££^7,7LT, H5E1177 7HB, HiStt 
1, 12 777 HJiJktfJ6l«*^o»^JIC»bTx 

7^>7*£fTft-5c:i:£<t>K » i ©*#»i/— ir** 

<D-®mtfLtZi:m, S5E-©a8U:Kl2©l/- 

mm 2 © i/— »f %?Bimi$.<D±£, i i $ms©i 

5 $> ft S^SfiSffl" 7 7 rl 5X 

■ 

IMB* SIMMS" ? 7 7B©±lcl 1 #3S©1 6 ©* 
i»*64S»3?7» b*!£JFM**X;gi:, 
65B1 3 7 5 7 FJf ©±fc, fjEl 1 iSttlJ: ») fcx* 
* 7 7*#*£ 1^1 7 ©¥$&*» £> * * 1 2 t£ft 
ISflM-fSXgi;, 

S5B1 2 JSttH©±C» 2 *«£©£ 8 ©¥$&*> e>ft 

4*4*7* KHfcJ&jS-raiSfc* 

h5E1 4 * 7 7 K«©±£, 7, h 7 ^ 7#©PBPS5fc8 

%flOB5!3^ 2 iSttJfA>*>©3«£ W$£A,mi&L 

ft^mBl 4 ©iMMt* *>ft *1 2 mSS7n 7 y Jf £Jg 

f£T*Xgi:, 

b5B1 1 S«E7n 7 y je&tFg 2 StfcT-D 7 y 1 C*f b 

«IJ¥ff fcj£V57 b 7-f 7tt©RpgS£J&£1- *Xg 
i:, 

it5Sl 1 y y g&tf 1 2 7 y ©±fcj|5 

E^a«ft«^fflfcfcfc-3T»2»«fi©j|9©* «o 

mm 9 ©^wi t^tts h5ei i <du— vm*jtm 
mw% 2 ©i/— vm^Bi&ftm * t-c, 'j>ft 

< tt>mm 9 ©*£MfK*f ttx y^>^*fx*"3 
T, H5E111l«7-D7 7l©±Ki55El9©^mi 
*>£>ft£l5777 KJfi:, b5E1 2mifc7D 77B © 
-htcguiS^ 9 ©#$&!*£ ft *1 6 7 7 7 KB i: 
fig-TSCfctCtO, ffiB»5*7* KB££trll©# 

ffl^f77> S3?77Hi< 12rSttB, 14^7^ s« 



KB&tfl6 7 7 7 KBfc^trl 2 ©*»{*!/-?«* 
axgi: iflKTU 5 d i: ttz*m& 

[11*^10] i?5E15 777HB;&tfl6777K 
Hi, ±@PJ±©S«E^e ) ©iliS©mM* s ^± 1 fim 
UT i: ft S <fc 3 C ffMSnt * c i: Sr^ai: t S 
JH 9 CIB«©*«(tl/— If j*?7M ©gJl^S. 

[»*^ 1 1 1 -©g«©±fct& 1 «SS©^ 1 ©* 
«(tA»e>ftSB 1 ^7 >y Kl&ff^-rsxgi:, 
6513^ 1 ^7 >y Kl©±t^2©*«ft*»e.ftSSIltS 

tti^ffM-rsxgii, 

2 ^ 7 -y HS*»J«t6xSk, 
H3I31 2 * 7 >y KB©±CS 2 #@S©^ 4 ©*«»*» 
p.ft S 'J «y V]tm£fti% Stryy KlfcJBfifct 5Xg 



h5H3^ 2 77-y b*H©±t:43{tSHilH3^ 3 ^ 7 <y HS© 
«J»©iS«C, jMl3mfSftlfre>©&7G#&ft2:A,£ 
IRJR Lft 5 <D*mfrfr h ft 511 mffiT'D >y ^1 
ffMtSXgi:, 

b5I31 1 SfltT-D «y ^l©±tt5tt *bu!31 3 *7 y h* 
l^^trlSM^T^^ UT, mm 1 77.7 HI, 1 1 
JSttl; 1 2 7 «y KISVl 1 SSS^D >y ^1 U 
■Cx.y^>* r &?Tft5c:i:K < k»K I5I3S6 1 ^ 5 v Y 

% 1 mSiT-n «y * IfcStoft 1 ©4MM*l/— !f^? 

sa^jBfiK-rsxgi:, 

H5I3m 2 © I/— »f *?»l«*«©±t, 1 1 $mS©!?5 

6 e> ft s k s nsffl ^ >y 7 7 n &ffMi- * x 
mBfl$MBJ9" ? 7 7«©±ti i #ms©i 7 ©* 

^«:ipt,ftSl4i'7'y H«SBfiKt-5Xgi:, 
151314 ^7 «yH«©±t:, 15131 l«<SM«t?)t>x^ 
V f r#*SV^» 8 ©^»<p5,ft SI 2fSii 
Sfcfcfig-rsxgfc, 

S5I31 2 Sttl©± 1 1 2 ««£© £ 9 ©*«{*<»» ft 

S5I31 5 * 7 «y H1©±K , 1 2 ^mS©l 1 0 ©*« 
tt^f.ftDH5I313^7-y Hl©S#^lRli:SIJI^-© 

*fi|tttlF * 'J » S«tt*»-3j| 6777 Kl t«*t 

SXgi:, 

S5I31 5^7>y Kl©±(c*j»t5 b5I31 6777 HI© 

fl#©ttgc, l^B»2«tt■4>6©«***a^:^^^' 

RJRUftV^ll l©^ft*e>ft2.l2mSit7-D77l 
^ffM-rsxgi:, 

H5Bl2mtS7D77»©±tC*!lt2.H5B16777 H 
l^^tf^^^7,7LT, B5t3SSPgffl"7 7 7 

)B> 14757 HH, 12rgftl. 15777 YMRV 
^ 2 ^7 D -y y a L T x 7 5^ > T - SrfTft d d £ K 



fl2001-320132(P2001-320132A) 



2r£ttH, f5?7*HI, ^6?7-y Klfitf!g2« 

imxm 1 2 ] -cDSRcD±t^ i i ©* 

#ttfre>&*fgl*7yHl£ffMT*xgi;, 
mia^ l?7-y KB ©±fc£5 2©*MH**>e>ftSfg 1 ts 

Btii3!& 1 tSftl©±fc£ 2 gmS©Sg 3 ©¥$<**>*>& 
512^7^ Hl£Jfcfi£T*xfIi:, 

mm it?? ki ©±tc!f5 2 3?ms©sg 4 ®*mm 
®e% 4 <D*mm<D±tzm zm i © »— m=ms, 

S2i'7'vHl > ^4©^«:m»UTx-/^>^fe 
fTfc-5di:K.fcfK Sg 1 ©^Mlttu— »ffit?©-SB£B 
fig-fSiiftK, miI3-©S«±{c^2©b— tfjR^BK 

milBfg 2 © b— tf JOT&S«8©±fc> » 1 i£S3!©g 
5©4^fr&&S**IWB>tv7Tll9&l***i 

ttfflttSMEJ!" * 7 r Jf ©±tc£ 1 *§3S!©!g 6 ©* 
#fcA>e>&Sl3 *7 y FH^ffM-rSXgi:, 

s> rtf^t V^7 <D*m&P 6 * 5 SB 2 fiHt 
IfcJ&fc-rsxgi:, 

miiBSg 2r£ttS©±l33! 2 gftS©£ 8 ©**«* 

S^4^7«>Kl^ffM-rsxgi: > • 

HufBSS 4 1 5 ■> KJf ©±C, $ 2 gmS©& 9 ©¥$& 

l&JBfig-fSxgi:, 

4 ©^Slttll&tf fg 9 ©**ft*c» b-c-tft-e 

■3 «H!W S U * *ff£R©> mI3!& 4 ©¥#»! 
*&fc*»5©*5*K*i:» iRB)li9©4WMfr& 

hOI3^ 2 ©* 7 v HJ|©±C:«I? SttB* 5?5f HI 
©«*©**. 2KFfflBlM*?*KJI©±fc*tf«t> 

met? y Ka©flur©mti mbm i 

2fiHMfr&©«#3feftSfcA,£qftJKb&V*| 1 0©# 
8ftl£ffM;f*xgi;, 

iiliB»l 0©**W«iC*tf5«[gB*l©i/— if*?^ 

*««ai«S2©i/— mi-Bjmm^xtLx. >i> 

& < k t, mliem l 0 o^9(Ut:» bt x <y * v^feff 
ftot, iwi3Sfl HB©±tiJIBSB 1 0 ©*£{* 
Sfre>&S!gimiS:7'D.y*Jf fc, ttG84»?yMI 
©±Cfl»E»l 0©**WI*»&fcS!B2«»7Dv* 

£tr& i ©***i/- j !f*?©afflt»a-r * £«tc, 



f 

1, SM*7*HJB» Sg6*7>7Kl£tf!f§2m»t7 r D 
»^lft^*2©*»»U— !fMt?£ffM-f*XfIi: 

©S^£i£. 

^D^ltt, ±BI§]±©a«EA>e>©iti£©iiM* s & 

tzmm ixtti 2ti»©*»»i/— 

<f©Wi*iS. 
h [&W©t¥*HlfctSii!)3] 
[000 1] 

[»W©«f*fiaiS»IH *»BfclU -©MLtfcJfcj* 
3ilSW:«fi«Mtf*&S 2o©**fci>— If*** 

f>fc*ty y s/»^**t»o2»fas©*»*i/— tf 

JK^T 1/ -f Xtf*©JHi*fcfc B-f*. 
[0 0 0 2] 

[«£3fc©ttffi] 5 s -f 8>*JU£P*y-f;i* (DVD) © 
28K i D #5*4 * * ©Gfi«K©Kffiftft#SS U 
8. 5GB i^d^&fi©*^ 
» a^SSSSnSCSoTWB. -fl&ttfcDVDfflBife 
ggtt, DVD«ttTJfc<» 3Wtnr^f (C 

d) ©jf£ftMte£*u £&cra$ftg£tf;&u6. 

©fe&IBS C D . ( C D - R ) ©If £&tFfi«A(«8 i: £ 
tlZ®£t>3>Zo DVD*B4t*i!ft*Ctt,'e50 
nm»fl)*ftW- tf*3& s ffll>^n, CDXttCD-R* 
S*1-5B4^ttt> 7 8 0 nmflf©*»l/— !f*#« 
^feilTO*. ftr>X. Stt©DVDfflS4SStt±, 

[0003] /ty 3 >«©|MHtM©*SftE# 
^> DVD«Sft«B©'>fflflJaiFIIIlft*JiR*** 

7®<DfrM{bAtmmtt,<!>zm£Lx, *?**■©■ 

1/— !f f-sr ?t^*Stt l/— !f » ^©SWbASt^ 
e>ti*. wij£bfe«fc-5K, Stt©DVDfflS£gfiBU 

40 m<D2-3<D%¥%®8>frc>mf&znx&\), %&tfcft 

t<D2^<D*m#.\'—91-y7$:%%fctZ>Zt££*) 
[0 0 0 4] 9?97&Vfi9&Wt1/ 

-vi-yrammibtLx, -©s^tft^^ntt 
1-186651^ (%iomkm x m%6o®tk 

*!Bffl*a*«»iHft3a-ZC-10 (fS2©ft* 
»• [0 0 0 5] 



M2001-320132(P2001-320132A) 



7 

f) fc/hSHX*;!/*-** s» 7^oGa A s &ffll^T 

i^So incta, &rSttHipe>an*-rsi/— vm® 

[0 0 0 6] U)>Lfc#e>, £3lJB$r*2£fc#ijifcfflO 
fc^aWtl/— Ifffsm £J5£##GaAsi»e>&smSt 

[0 0 0 7] £fc, ^2OSg*03C»SiNlttl/— !fl8 

di:KJ;!K £ffi*^H;i/|3±©¥#£&;L*#©# 

[0 0 0 8] Sgi£7^*H;i>£3Hr-H{bLfc 
fctTt)^ h;u©¥ffi^#'J>;*^fc©s mtt^te 

& (RIN) £-1 3 0dB/HzWTfc:g=-r-ffi$1-S 

mm&m-3*m&v— vm^y^em^tt. 1/ 

4 A£^£ffl^TR I N©<£M&E5¥g#-&gi:& 

i:tfaiti;*So cne.©Egs*^t5tj±> *m 

[0 0 0 9] *©±, ttft«ttS<Z>**ftl/-- !flR?7 

&£|£l©Ja#r$#ft£;fijja Lfcftffl t&©t$tg£££& 
£©fc®, DVDXfctCD©g<fel$©l OmWWT 
hV^dfitB^id^tt^-Ctt, g^TT-H:*-®*- H8 
tt£l£8-e £**>©©, mUTX&***)7VMS.X#. 
J8fcfet>TiS&*-H©£#*Jf#**lg<fcSfc©, £ 

mb&mmtiifK^tztb, nmmmmxtt. m 

K«tt®$£fli ^ a s c i: a s e> tc mm t tt s . 
[ooio] fJMw>«yy^y*<!)2«fti/— y 

?©rstti©(as, -f&fc^st£®*>e>©iS;*£-a£ 

feotfe, &b-1f3St?{cfcl*arSttJfl±*©fI/£#5 



(5) 

IMCgfc ?>£©> *JSttH©dtftS»l*©I|l-CfT*fc 

t^ofsm^t^Lx^io 

[ooii] HuiBft*©Bas&8?&u *v 

'J •> y * ©¥«& l/-tf^?7l/ -f fcfctt »«5ttJlH± 
©^<*©fc£?>oi££Jj]$iJ-rsi:#£, 

[00 12] 

immzmvititztbcDm) miomzm&tztz 

fi»fiffl©^l©l/— IfjR^SttS 
*©*2©l/— tf*? J;D*ftCWfit«. -©££, 
SfS2©l/— !f*?C*Jt*a««©^5» HlttSgl© 

£<-crtrfc©> Sf§2©l/— !f* ; f©IS«t*fl±** 
[0 0 13] *fc, ^1©1/— !f^StFS2©l/-1f 

[0014] mmt. xmmmmv— tf 

7Hli, -©g«©±KffM£ftfcfglg*S©Jgl 
CDJNMtfr&frtJB 1*7* HI, gtfg 1^7s» KB© 
±C«**nfc*2©*«ft:4»64*JB lStt)12ikW» 
SB 1 iSM©±fc*J*Sftfc* 2 3|fiS©Sf! 3 ©¥$f* 
fr&***2*7*Kli:**T*J8l©i/-"!r** 
« i:, -©gtR©±fc!gl©U— »f**i:IBIB**o , t« 

i $mn©s& 4 ©¥*{** e.**iS3^7y 
Hi, ese3i?7 5/Hi©±K©fiE$n> %im&mx 

nm®% e ©*«(*4> e.* 4 ^ 7 » hi t s 

IS2©1/— !f^?i:£«i^ ^2©u-+f^?«, S« 

ti«3f 75» H!£©iafcg:tte>tu ig2«fiaAsi6i 
tmmvmztiizm i ^ss©ig 7 ©*#k** e. % * 

[0 0 15] *%W©^ft:^-tf^?7l/'fti5 

|gl©l^— !f^?©|gltSttl<tf)*.x^;i/^-^ 
V >y ^% 2 tSftl £W t SSJI 2 © b — If 

i^ig i t5tti©sfiHi» e>©^^ tmm% ©^$ i: 

LT^5fe©, 81 2 ©l/— ?S?©&4&*ftA©gAtt 
4«l6i±1-SJgl*'Pft<, ISliS<4«i:m2fSttli:©S 
SB ?> ©^ $ £ US tc -a $ i* 5 d i: *s X § * © 
s« X\ »ftA J S'&2)U— «fJt©ffiWPl5]±©^^©li?>^ 
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(6) 



[00163 *«ra©**» i/-- »f r 



10 



X, 8l©l/— m^ifi, 82*7* H*©±fcJ&*S SfUfiDl/— tf&?£, gl&ttHglFCgl&iF 

ft, 8liSttlK*VJ:p£j§iRtttcaA-f£fc©©7. 82©*7* Hl£#y'i7Ai;fcfili:££tr{b£« i g 

H:M 7ttoHP»SR%, 8liSftJf«fc!)*>*^>x ftfr&fctttftl/— !fft?fcU 82©l/— !f 

rm^w, 8 ©^Miftfr e>fc *8 i 82 tc8 3 8 4 ©* 5 * hi* a y * 

^n»>|*tu 82©!/— »fjfr?#, 84*7»F A, -f y>£^iHb^¥#ttfr£&S^ 

!©±£Jftj££ft, 82«MC*+U7*jfflRttfc:ft fib— MffkLTtu SI 1 *8fc7"0 **lStf82* 

A"r*fctt©^h7-f^«©Baaft»%, 82tS£J1 »^Dy^«©±t«fi$*TftS«ittt3^*hii 

*&**&^x*;u*-*Vv:7*8ojB9©iNW*fr >• £, fc**«r^fl^¥»{Mrc *•>»«***© 

d©ioC1-Si:, 8l&tf82©£}S£SA>e>© [00 2 1] »l©sas»»6:ff*»l©*«H/— !f 

^*#*n*ft»i;Rtf»2©**«7Dv*icR jfrFTUcwfesrSctt, -©«ffi©±tc^i^fis© 

«Sn*£i:*«fc^fc«>, SJWBlHttt&tFAftft©* 8l©*3Wto»e>fc*8l* ?»FJI*»dWaxS 

U}*1«t*«ESlC»&ft5J:atft*. i:, »l*5*Flffl±fc*2©iMMt:*&&4»lS 

[0 0 1 7] **W©*»»1/— tfJU^Tiz-f C*^ ttJBftJBfcTSigi:* 8lrS£»©±t:82i!?1t§!© 

T, 8l©b— tfjfrFHU 8l*»&7'Dy*Ji©g8PSi 83©*#«*£&Sj&2* 7* KHftJBAttxa 

C3£ftS1MC$ltsmfi(c#L?££&«ft©$ |2i?7-y HJf©±K, * b*<f 7*tt©raPSfc8 

$&B#r£2:, 8l«£7n?*j|©nPS&l»<ffi8C: ■6Jio»l«ttJI*6©«***SkA,iflRJRb«:v>» 

*t«^Iifc#LT£iI&*fa©3^$r*J:©S4« » 4©*»»fr644»l*»^Dy^l**jjW-Slg 

8j2xl 0-3~flJlx 1 O-^T'ftD, *2©1/— if** 8 lmgi^D **Jf ©±Kg8dS$££tf±iiifcfc>fc 

tt, 82S«7n**l©gBP$fc£$ftSfB8C*tt oT»2*«fi©*5©*«Wt*6fc6J|3*7vKl 

*^BC»UTSI*&*ft©SB»n$r*fc* 82SSI tESWSiBi:, 83*5* HJf©±fc*ttS8im 

:/Dy*i©P8p$§|$<^fcfctt5S«fflCttUT »7ny*l©IBPSft«rtW*v;**i/t % 8l* 

a«ft*fi©seiftB«f*i:®a*«i'2xio-3~ttix 7* hi, 8iiStts, i2*?»«, *i««7n 

10-JT»Sik«f*U\ **S;Rtf83*7* HJHc*tl/txyf->*-£frfc7 

[0 0 18] **lH©*3Wtl/— W**7WC*H dfcfcj;!), 81*7* HJf, 8lr£tt«, 82*7* 

X, *l««E7ny^JB*«SBl*«ffi-efloh*ft^ HI, 8l*«7D**JiJW«83*7'*Hl*£&8 

82«ft7D**Has»iaHtffl-efloy>ftSfc 1©¥3H*1/— !f JfrFfcJ&fifct* fc^C -©Sfi±C 

ck#ff*u>. i©J:5Cr*fc» *l©u— tf*? »• 82©b— nR?«MIM«]ng|t«X82:« 82©b 

sin «uaRC7;b5=»>AjWF#y«>A*##vK7£ — »f^^ts^©±K> ib i mmm<D% 6 ©*$** 

if 3fc£&)feT' § 5^U-1f SR^Ffcf S C fctff £ 5. Sffl't * 7 7l©±K8 1 $3Ii©8 7 ©*$f*A» fcfc 

*fc> *2©l/—!f*HPfeIII K7C^tT;i/^xi>A s *»4^5»Hl*«*t*X(lk» 84*7* HI© 

VMi61ll*»»*6ftt)*ftl/-"!f**«*-e»6* 8©*»»*6«:*»2fiHM*«« , r*X|lk, 82 

ftu-ifju^fc-r 5 c fstti©±t8 2 mmmo% 9 ©#$&*» e>&*8 5 * 

[0 0 19] *»B©*3**b--!r*?7 , WC*^ 5? F«*JBdW*H14:, 85*7* Hl©±fc, 8 

T, 8lSffi* r oy*l&tf82^7-D**l#8l l*»7nv*H©HPffffl***ffifcttKH-©*fi 

»«H"Caoy>*|Ml£i:*M(F*U^ d©J:?fc-f «• KffitfS* 7tt©PBPSi5£fSt>-I.o82iSftJiA> 

St, 81©U— !f^?*8ltSftl^IFt8lStf8 &©»**ftSfc&i^L*v*3U Offl*NMI*&fc 

2©*7*Kl^y9Afcfc*i:*£ttb6«*i** S82Sat7-D **!£©&* Sigi:, 82««7*d 

4»6ft*tS»*H/— ifJU^kU 82©b— !fSK?£82 **l©±KHP»*£&±lHKfefcoT»2»lffl© 

Sttl3£lft83Stf84©*7* Hl*ify>>A, -f 81 l©*N?tob>e>fcS86*7* H«ft»*t6i« 

>Wl*&V>) >%'Stt<h£®$-m&frc>kZfc&\'- t. 86*7* Hl©±K:fctt*82^iS7"D**!© 

1f^?i:bT4,> 8im^Dy*lfiV82SS5^D Hatfft«HHK*vx» l/t\ ttWW/<»77 

»*l©±t«R*#"r«e*«itf3>4'*Hft, 'J Ix 84*7* HI, 82fSftS, 85*7* HI, 8 

>*«tr-©fl;^«*9««CJ:»)»«TS*©-P» H 2m*^n**S-Rlf86*7* Hlt«ttx*^> 

iiB#©xg*s®#i:*5o *"&fr*o^i:t:<tt), Jfi5$Slfiffl^*7 7ll, 84* 

[0 0 2 0] *«^©^i*u-tf^?7l/-f t*5^ » ^Fl, 82rSttS, 85*7-yH«, 82miS^D 
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99IKRltfft6£7? KJf ££trm2©¥gf$:l/ — m 
[0 0 2 2] mi©*gftb— m?7l<4®m&lj& 

x***-*+*:/#*s^m2^«fcrraa2© 

fc«R±ffl ^tf **#***fc**MWB/t * 7 t! 
ft»rt-r«fc», ^2©U-1f^?CD^ttA J lRl±tS 
£ttT-*<, ^l}SttSi:^2fSttli:cDS«@^6© 
^££fSRttfc-&£#*c:i:#-c#*©T-> 
&6l/-if#©H*nH±©il5S©«&oS*|8]t** 

[0 0 2 3] » 1 !f*?7i/'f©«a*iS 
C&OT, $ 3 * ? y PJK&lFg 6^7? KB #> ±ffi 
B±©£&fifr&©A$©gl2tf£± 1 jumKTFiifcS 

^3 &2g£?-SIBC:, gl© j MMtl'- 

tf*«Kfll2fl>JHKfrl/— !f*?C*lt5S«i:K« 

ffj©a ©^$©ife>o§§^±i/zmWTt: 

[0 0 2 4] *«Wt^5^2©^«:i/-if^?7l/ 

-r ©i?j|^«ii> -©S£©±fc:m i $ma©m i ©4 

$ftfr6fc*mi*7y KJffcJ&E&tSXgi;, mi* 
7 9 Kl©±fc» 2 1 *£ttlft£tt 

-rsigi:, ^ifs^©±t^2^m§i©^3©#« 

tti»£&5m2*7y KJf£»TSXfIiu Sg2*7 

bfc^m4©¥$tt*»f>fcsm 1 mffiT-D 9*«£Bjj£ 
^im«E7-D«y^l©±C*»tS^l©U 
— tf^?}Bfilc^«S^^UT, ft 1*'? 9 Ml, ftl 
iSttJ^ m2*7 2/ KaSlFlimgST'n^^lK^b 
-txy^>^£?rfc7C:i:fc:<fc'K mi©¥Sfci/— tf 
^?©-S5feffMf Siiftt, -©S«±K^2©l/- 
''TOTftdmft&fflrsxBfc, »2©i/—!fj*W& 
*«W©±C, mi$mS©m5©4M?fci»*>fca£;* 

7l©±tm 5mS©!& 6 ©*3?ttfr fcfc SS& 3 * 7 
? KJI*iBrtW*igfc, S3^7«yHl©±ts ^1 
tSttg J; *) fcx*;!/*-** 5; :r#*SV>m7 ©W* 
fr&&sm2ffittJl£»r Slg^ m2fSttl©± 
Cft2#*£©ft8©***fr£&S»4*7*Kft* 

©KPgB£8t>flom 2 rSftJffr e. t> 
irifiiR b&^m 4 ©^gftfr & *m 2 m^7-D y * S 

£jKfi£-f*i*ii:, mimiS7 r D->^isvm2m^7- 
ran**j§fioij(j^Tt@v-5^ k 7-t ^©pbpsb 



(7) 

12 

D-y^©±t§§BPgiJ*^tr±att>toTm2^SS 

©m9©^fti*ffM-rsigi:, m9©^(*;H{c 
*«* am i © u -vnvmmmm 2 © u -if 
«i«aaftv^^bT, 'j>*<fc*a9©*MMwic*t 

L-Cxs/;f>^£fTfcoT> mi^S!t7Dy*J|©±t 
»9©*#fM*»e>**ft5*7*KBi:, m2S8t7- 

d 9 ?! ©±tm 9 ©*«»!*» e>feam 6*79 ki 

i: §Mt S 3 1 «fc ») , m 5 * 7 9 Kl fc^trm 1 © 
*«W*l/Hr«*©a«*JBl»*r*fc»C, it5£§16ffl 

H ^977, %Zt79 Kl, m2iSttJf, ft 4 £ 7 V K 

ISVft KJISStoft 2 ©*•»!/— !f«*fc 

[0 0 2 5] m2©*«ttl/— tf^7U'f©8lji*ffi 
fciSi;, mi©*^ftu— !f^?7i/'f©§?ji*a© 
ttacinitr, m4©^«:ipe,«:?»mim^Dy^ 

mmf%2%M7-u 9tmK-tthX7s vz>4 wwmu 
si5*i5i«f{c}fMT'&So -rfcfct., misvm2©&« 
at7 , D.y^H©s(swt:ffiyt5esiapse©rap/^- 

»• C£&W8PS£flsf£-t-§5fc«K iSg8PgB©HP§£ y 
Vy7 7-f©»ST-^T'§5o ttz, mi@«t7-D>y 
^■aiJ«2««^Dy^ltt»fcJ|4©iMWMi*6 

#repse&#tr±iS{c-s©^xgT-m9 
©'*****«&** & * ©t% m 5 * 7 » kis vm 6 

^7»Kl©»«4m#kft*. 
[ 0 0 2 6 ] ft 2 ©4M|ft l/-tf ft* 7 U ■< ©«£££ 
15^79 Kl»vm6^7«y KJftf, ±ffi 
|Sl±©aSiBi 1 t>©ig^©SMii s ^± 1 ^mWTi:«:5 
<fc 7 t:}fM^^^■CV^ 5 ^ t #ff S b^. 
so [0027] *«Wt«4»3©*«W*:i/— !fl?71/ 

-f©«jt*i6tt, -©s«©±tmi«ifis©mi©* 
&frti>t>ti.z,m\>7 7 9 KB^fig-rsxgi:, mi^ 

7 » KJf ©±CSg 2 ©*^4>e,«:5m 1 tSSl^ffM 

-raxgis, miffittfl©±tm2«sM©m3©^ 

tt*»t,'6:5m2^7yK»^B£1-SXgi:, ^2^7 

v Ki©±tm 2 «ss©m 4 cd^3¥«:*> e>% 5 y ^ y 
sty 9 mttBf&tix&t. % 2 * 5 

f KJi©±C*lt4»3^7y Kfl©ffl3^©^t, m 

1 «si3b» bfe^m 5 ©*^ 

« <*:A»c>!&smimS57-D9^l^fig1-SXgi:, mi 

ms57-D-y^«©±t*»t5m3i'7 9Ki^tf^ 
*^^bT, mi^7>yKs, mitsttH, m2i^7 

^vCfctit), mi^7yKH, mirSttl, t&2* 
7?Hi, m3^7-y Klfil^mimiST'Dy^S^ 
tr» 1 ©*«»i/— tf*?ft®J«1-5fc»C» -©«« 

±(cm2©i/— *r%?fci&mm&Bi&tzz.&t. m2 
©u— tf* ; F»«««©±c, mi«ms©m6©*« 

»3!>»?>^5^$§iSffl/'5.y7 7'«*^fiEt-2.XJli:, X 

s« ?g|gfflM-y7T®©±tcmisims©m7©^(*^ 
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£ft*SS4*7f VMiBf&tZJLmt. ^4^77H 
Jfffl±C, SB lTSttlJ:D*>x;^U*-¥* 

ss 2 istti ©±(ci& 2 gmscSB 9 ©*£&*> e> * *sb 

5*7* KifcflM-f^xgi:, SB5*7>.y KJf©± 
SB2$SS©SBlO©¥$ft:A»o2>&!)SB3*7->'K 

■3$6>79 KlfeJfMI-SXgfc, SB5*7yKl© 
±t*ft*»6^5yKlO«*©«WlC» SB2i££g 
*»e>©*3fe3fe*SfcA,i:i!RJRU«tlr^l 1 ©¥£&*»£ 

n -y^S©±C*ltS^6 *7 y KHfcS&aittfev;* 
*l/t> JS3FlME»My77^ i4^7 7HI« SB 2 
itl, »5^7yHlXff»2««rDy^JlC»U 

S, 14^79 SB2*Sttl, i5f7-yHi, SB 
6^7^ riXVl 2 *«7*D * *1 fe£fc IB 2 ©¥$ 

[0 0 2 8] »3©**ftl/— !f*?7l/'f0WS3firiS 

«fsB?©SBliSfiJl«k!>fc 
x*;i/*-¥* >y 7*tf*£^SB 2iSftJf £;&-raSB 2© 

i/— if*?*jB*-rsKc» x^^y^tibsaj^n 

£ffjfi£-f Sfctt, SB 2©l/— !fjil?©f£ll&#|p]±-r£ 
SBlfSft«i:SB2TSftli:©a8uijfre>© 
i§££!SRWK-a$«S;:i:#-e££©-C\ «H#fl 

& s i/— »f 7t©ajijpiRi±©ii$©« e.^ & &K±t- § 

[0 0 2 9] *»WC»*»4©iMlftI/— IfJU^FT-V 

-f ©§?&££.*, -©ss©±tiB i mmmom 1 ©* 
#tta>e>&ssBi*7y Ymm&tsx&ts sbi* 

7? Kl©±tSB2©^ft:4»f,*5SBliSttJi^fiE 
TSxgi:, IBl8SttJi©±CSB2»«S©IB3©^« 
**6ft«»2^7»Flft»J«r*igk, SB 2*7 

gi:, SB 4 ©*HMW© ±fc*tt SSS 1 © l/-' !f 
*«Wtvx^tT, *1*7» HI, SBlrSft*, SB 
2*7* HI, J84©iMWMit»L-Cx»f->y*ff 
fcdZfcfc.fcfK SB1©*«»1/— !f«W)-«*iW 
-©Sfi±CSB2©l/— !fft?£jMM« 
JBjatSiSk, *2©i/-if*^]*flW*©±C, SB 
1 iSSScSB 5 ©¥«{** 6£ «*3HS/l/< » 7 7M 

«ffl©SB6©JMM*:fr&ft5SB3^7»KJIft»l«1-S 
»3^5vKl©±t, SBlrStt«<tt)fex^ 
«y 7#*S^S8 7 & fc SSS 2 fStt 

■ *©»«t6igfc. SB2iSttS©±tSB2#m^©SB 
8©***4»63kSSB4^5y KJift«*-r*iak, 
SB 4* 9 9 Kl©±lc, SB23ISS!©S89©iNM*Jffc 
©dWSifii:* SB4©*#ft!&VSB9©¥5«fC 



// 

ttLT*tl*ftxy^>*£fi L fc-5c:i:{c<i:?K 
HRft**flottK¥frCJ^ay *yfl^©* SB4© 
**ttlfr6fcajS5©*7V Nit, SB9©¥^ftJf 

*»6ft5Si6©^7f HakftjKjEfi-riiakx SB2© 

05* KH©±fc*l*SSB 5 * y 9 PJ|©fg£©1IUl 
&tfSB4*7-> h'Jf©±tfc«t*SB6*7y Kff©fij« 
©^CSSlrSttlSO ; SB2}Sttli6>6©l63fc3fc*lii: 
A^JfiRJRL^SBlOo^ttl&Jf^'raxgi:, SB 
1 0©*#(*lt*JttSSBl©l/— iflR?«AWKfttF 
io SB 2 ©l/— !fSR?Jfcj£ffi#£v;** LT^ 'J>ft<i;*>SB 
l 0©^#f*lC«Ltiy^>^SfT^oT, SB2* 
7»F1©±C»1 0©*»tt»*6«:*S6l««^n 
vtmts SB4 *7 y HJB©±fc$ 1 0 ©**»«*> e> 
fcSSB2S^:/oy*l££jfMt5£fcfc:£>K SBl 
mSSt^n «y*g££trSB 1 ©*«»'l/— tf^?©^g5S 

■« SB2fS£jf, SB4*7>yHl, SS6^7-y KHSV 

sb 2 mmyu 9 *s &^trSB 2 ©**»■>— tf 

fi£*5xgi;£(iii;t-a^. 
n [0 0 3 0] SB 4 ©¥$fcl/-if?fl?7W ©§&&#*£ 
Hi Si:, »3©*3WH/— tf^?7l/-f©Siji*ffi© 

ttaciitt-c* sb 5 * 7 v KisvSB 6 * 7 v m*m 

mxf Z U f ^ff£R££rs>SB 5 SB 6 ©#^ 7 v HI© 

©STcXgtr.tOi^i'^y b'lSffJfig-et^fctos 
7^ Hl©KHife'J V^7 7^©mSf*^T'^S. $ 
tzs SB5^7V H15VSB 6 7 » HS©1H^©^C 
SSI 0©^{*lSffMt5fc«), -©*«ttl4>5>^ 

» n-ensBiii«t7D'y^is^sB2mss7'Dy^s$B 

fig-e§*©T% g|jixg4s®#i:«:5,' 
[0 0 3 1] SB3XttSB4©#gttl/— tf^Tl/1-© 
Sig*ffiti^-C, SBlS«E^n<y^SSVSB2S^ 

D-y^«As, ±ffim±<D&fimtxo<Dnt<(DmMii t ®± 

[0032] 

[|giT8©iai5©BS] (SB 1 ©HflM) *^W©SB 1 

oo [ 0 0 3 3 ] m 1 tt*#B^©SB 1 ©HMff^H^S^ 
t*iv— tf^?7U'f©Bf®8lfi£^l/tV%5. Hit* 

gist 3 t<t d si>{C7>6i^nfe^^»w— vm? i 

ASy=^fe^«»U-if 2 AA 5 ^ J 'J i/ ^ nffM 

[0034] WPHWHv— if JR? 1AB, SiS l l ± 
t«S»:ffJ)ES?n, nSCGaAsfr^'S^StSl 1±H 

Sftf *&*«(*i©estt*iRi±$-a-4^ yyrmi 

2t, nS©Al x Gai- x As (0<xgl) 
so ^1-5SBlfittlt^+V7 (m?) £tf** , J7© 
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IS 

n%GKmb&ti)l%l<0nm<r7y K11 3fc, % 
mi&ifil 5 Onm~8 5 0 nroi:fc2>i£fiK£8oA 1 
Ga As IrSttJIl 4 i:, pS©Al x iGa 
1-xlAs (0<xl^l) ^t,ft»)^lt£ttll4{C^ 
+ U7 (EFL) atf*VJ7©«ISG3fe*Ht»»S» 
lfflpS^7-y K11 pSOA l X 2Gai-x2As 
(0^x2^1) 

ONDSOXmtH C x y f- >7Z Y 9 t\ 1 & * Ml 2 © p 
H**» KB1 6i:> ftlSttHl 4i>f>©&»Dx 
^;i/^F-J;Dt)*t^x^;i/^-4i : ^y7' (/OK** 
97*) *#U ailiSttm 4K;U7^7tt©SSit:7 L 
-^'*;^£ffM■rSk©©PiPg&l 7a (fit, naai 
7 attHiBrtT-Sfi^lSltiEtFS. ) S^nSCAl 
flGai-iiAs (0<yl£l) A»f>&saf 1S«E7d 
9*117^ pS©Al X 3Gai-x3As (0<x3^ 
1) DiBPSBl 7 a*3fe*r**-5C»rtSftfc 

*©±EKfcfi&$ftsa? 1 pffiUm® (B99«r) 
5y*«ftW-*Jll©pS:3>** HI 9kCiD« 

[0 0 3 5] *6**tt;i/--!fJK?2Atk /t97r)i 
12±fc, jS»*»»V— !T**lAi:4MM3*IHT 
TJI*«J*3*U- «8t 1 1 ±"Cj*fifaft*»*l©|g 
fitt*6±3*S fc* CSS 1 ffittl 1 4 fcfcjfrr** 2 

i£tt»i:©s«BA>e>©i§;*#-a-rs tmm 

g$ftfcnS!©GaAsfre>£3it&£S&fflA977S 
20fc, nSJ© (AljGai-j) o.5lno.5P (0<z 

"J 7©BSS£)fe£« tji©*!! 2 © ng* 7 •> 
H12 3i:, &fK££A'6 3 5nm~6 8 0nmi:fc.2> 
fisH^A 1 Ga I nPA»e>%i^«*?#Pfilii© 
IB2fS£124i;, pM© (Al X 4Gai- X 4) o.5ln 
0.5P (0<x4gl) 3b»e>£!)Sg2i£ftJ12 4fc#f 
U7 (iE?L) £V*VJ7©Sii§£)fe&eBfc&©SSli4 
©p3!*7 9KJf 2 5i:* pg© (Al x jGai-x5) 
0.5In 0 .5P (0^x5gl) frt>iZ*)'&&ti%2m 
ift7n y*Jf©MPgB©JfMBSfcx.y^>^* h y/tfc 
*5M§5©pS*7y Kjf 26h, ^2iSSS24ipt, 

&wu S2?gft«2 4t^h7'fytt©m^i'*;i' 

£JFM-fSfc»©, SlimiST'D.y^ll 7©g§Pg&l 
7 a i:K{J¥frK&tf SMPg|5 2 7 a £8ong© (A 
l y 2Gai- y 2) o.5lno.5P (0<y2^1) 
a?2mSit7D9*»2 7i:, pS© (Al X 6Gai-xe) 
0.5Ino.5P (0<x6^1) A>6fc !)PBPgi52 7 a£ 
3fc£**<fc9CffM£ftfcS86©p3J*5«y K12 8 
i:, pS©GaAs*e>*»)±atff^$nS^2pffi!l 

* >7 M 2 9 i: (c J; >) ft fig $ ft T I > * . 
[0 0 3 6] #8iS$3l±/<«y7 7«l 2©±S 



(9) 

/f 

tfaaufcttftif***, sen ift«ffi*#&«»T 

t>&\\ *fc, *e#*{*U-- »f^?2A©g?^Sffl 
;W7t12 0#/t9 7Tl l 2£3gfcTfc<fcv\, 
[ 0 0 3 7 ] C ZX\ Ml 1 ©&t^££ffi£$9MMItt 
I/— tfJfrflAfcfc^T, $1**70 9*11 7 ©» 

p$ 1 7 a fc£*fts««c*ttaiMRiiit:» Lxmm 

MAnm2 xl 0-3~#Jl x 1 0-2fc&a<fc3C, & 

•o iiMWM©iw»tfAi©aj«»©«ia/t7^-^4s» 
[0 0 38] muz, an i ommmmzmmmt*. 

U—Vm?2AlZ*i^Xt>, M§2m«E7D9*J12 7© 
PHPg52 7 afc££ft*«#fc:fcW-3g8UIifcSefe;fr 

fa©g&B$T$n i i:, ma®2 7 &m<mmm 

2xl0-3H&lxl0-2i:&S<fc-5fc:> &#$fcl© 

mm a 1 ©ffls£^©«3§^7 / *H3e*ftfcjB 

«f*#»S© I/— If ^?T-fe 
» [ 0 0 3 9 ] feTK asJMMWfrl/— !f 1 ASV^fi 

l/— y 2AtMu-cy-f xofi^c g 

ftj81Sl«tftl*fc**«Jt^t7^-*©-«ftHISCIS 

[ o o 4 o ] m 2 am i ©30H&«c«**Ji»*#*v 
— i At45itsai i ©ps*7 >y h» 1 5©iiff 

XtfSgSOpS^yKJllSOAlffij&xS^ Sia 

dcr-tt, flb©e&rt7*-*&WT©«fc3fc: 
S^U•CV^?>. ail©nS^79Hll 3© 

» Hffli^l. 5/zmktAlfflfiexliO. 5i:tt:v> 

s« aiisitsi 4®mm&®o. oe^mi:u-cv^ 

5o ail©pS^7 9b'115©AlSfi!txltt0. 5 
i:b■C^^5. Ml2©pS^79KS16©]i^tt^0. 
OUmtU AlffljSx2ttO. 2i:U"C^5. Hi 
W/D»*il 7©liPH:t«JlAmi:U AlfflfiEy 
lttO. 65i:l/T^2>. |g3©pS^79Hll 8© 
Kjftt^2. 2//m^:tr^^5o 
[0 04 1] @2frt.^S«t9t, aSl©pM*7«y 
Hll 5©KgdpAS/h?^g> Sfc, fl3©pS^7 
» 9HH1 8©AlffljE£X3As^?V^ &IMBff*2A 

®HJf$MAn=2x 1 0"3~5x 1 O-^lS^-frS 
i^Stf^So fll©pS^7>y KJB1 5©KJ¥ 

dp^O. 2 0xzmi:Lfe^{Ctts ai3©pS^79 
Km 8©Al»fi£X3S*«jO. 6 1~0. 7 4gSh 
1-ftl^^v^c:i:^)!)»l>o 

[0 0 4 2]**, ®2£7f<Ltzmmmmbn=2 
x 1 0"3~5x 1 0-3^H^-rSt©©«ljg^7^— * 

©ia*£fr-e-tt-0!iKj§#?> fife©fiijg^7y-^ (s 
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[0 0 4 3] HUtitC, jftfeJNIttU— m?2A\Z&^ 
tt., H8lJBSr#MAn = 2x 1 0" 3 ~5x 1 O^^m 

mmftviitnmzitzziivczzo mm %2 

©nS* H12 3©Al&J&z£0. 7fcU 182 
rSttl 2 4©&tg«fi£ 6 3 5 nm~ 6 8 0 nmtt 
*. §t4©p®£7>yH125©AllSajftx4£0. 7 
i:U EJSfcftO. 1 //m~0 . 3/zmi:-f*<, g§5© 
pi?7»; H12 6©Alffl$x5fcO. 0~0. It 
U M^£ft0. 0 0 9^mh1-So i2iil^D>y^ 
12 7©Alfa#y2£0. 5i:U |6®pSi'7-)' 
H12 8©Al&fi£x6£0. 6~0. 75*:**. - 
ftC*!K jfcfe^Stti/— iffSt* 2Afc£l7*Ha&JS$T 
$MAn=2x 1 0* 3 ~5x 1 O-^Hmt-^1). 
[ 0 0 4 4 ] £ fc, g 1 ©ftlti&SCfllSft&NMtl/ 
— tf^?2Att. Hv7-rMl 2i;g2©nS£7>y H 
12 3 i:©MK, »*6iNW*:W— !f 2 A©§*3| 
(ttSil©fl*tlRl±***Ctffft<» **MmW*l/- 
"S**?lA©»lflSffi|l 4kO«RB*»6©***H 

»t*feft©**iwffl-'ty 7 r 2 o MftB- &nr»« 

ZtZft&ttZx, 

[0045] mm. mzmtt-i'—vm* 1 ARvfc 

fe#$ttl/— tf^?2AlcWUTlt^fi«Jt^ai*i&ft§ 
-5 il©ni^79 Hll 3©& 

«tt2. 0/zmW±#i&gi:fc>K S2©nS^ 
7 » HI 2 3©I8W± 1 . 5/xm«±T-&ntf ft 
o-C, £©J§£fctiu JgSiififflMif 7 7*12 0 ©SUP 
ttO. 5 UTamg.tttU£&^. 

[0 0 4 6] &tz, im.mmtimte2iiz&5% 

t§£Ktt, 2Sl©nSJ*7* Hll 3©H£ttl. 5/z 
mfeLttfj&gtfc !K I2©nf^7f H12 3©Kif 
ttl. 1 /cmtt±MMI2:«:&. tJot, £©«££ 
tt, ^HSfflM-y7rl2 0©mmH:0. 4/zmgS 

[0047] &L±mbtziv^ mKonmmt*. 
it, mfmm<D*&&v— m??^* znmx- 
t> %<D±.nzmt>mmmttiii. 2&fii/ 

tm?2AlCfct, StliSftll 4£V!t2rS&l 
2 4©g£Sfr£©&£©Ke>o&£flI*Sig£iiSffl 

So 

[0 0 4 8] ssafrnjiBft^y-f 7.*tCifcgft 

Jr$lAnS4x 1 0"3~ 1 x 1 0-1ttZZt£X. 
*), 8i*-H#;*e>fc:g£-f5;fctfK am*©****!/ 



[ 0 0 4 9 ] WT> St 1 ©HIBB»C»a*»iH/— 9 
[00 50] 03 (a) ~03 (d) &tf04 (a) ~ 

04 (c) &%\0mwmmz*m»\'-ir* : f-7 

^'^ffll^jg^ffi©xSJli©BrE«fi£fe^L•rc^a 0 $ 
1\ 03 (a) iz^txo^ mm. wa&m§m& 

gfc (MOVPE) nSOGaAsip^ 
Sg&ll±fcl. nS©GaAsA»f>&S^'y77ll 
iii 2t. K&jWftl. 5/zm©nS©Alfl.5Gao. 5AS 
A»6fcSStl©nS;>7<y HlffMll 3 Ai;, MS 
fiis 7 5 0 nm~ 8 5 0 nmtHZ&f&Zti LEJ?##I 
0. 0 6#m©AlGaAsfr?>fc55tlt£ttlffMl 
14Ai:> HJPtfftO. 2 5^m©pS©Alo.5Ga 
0.5As*>e>fcSgl©pS*7f HlffMll 5 A 
t, BMffltjQ. 0 l/zm©pS©Alo.2Gao. 8As 
. *>e>&*!t2©pS*7>yHlBfifcll6Ai:s BUS* 5 
^ 1 /zm©nM©A lo. 65G 35A siP^^S^ 1 H 
y *1JFM1 1 7 A£&l#fig££-e*. 

» [005 1] 03 (b) tcz5i-«fc7t, %imm 

7"0>y*Ufcf£ll 7A{C«bt^ i2©pS?7S' H 
IBfifcl 1 6 Atiff>^ H *>tfc1-*fli¥Wx» 

□S51 7a£JFM*£. 

[0 0 5 2] ifetls 03 (c) K*Vf<fc7fc> ffg, M 
OVPEi£K«k!K ^lmSS^D^^U&figll 7A© 
±HMPg|5 1 7 a#3fei*;*ftS J;7K±®taofeo-CK 
Jfi>s^2. 2^m©pS©Alo.6Gao.4AsA>e.*5 
|3©pl^7«; KlffJfieil 8ASfigfi^#, i^V^ 
n fx &3©pSl7 7S>HljlM!l 8A©±K, ^SS 
©pS©GaAsA»e>!5:5^1©pS3>^^ MJ&fiS 
11 9Afefi£fi$#S. 

[0 0 5 3] 03 (d) fc^-f <fcdfc> ^1©P 
M^fiKll 9A©±fcfctt3fgiaa£7'D 
vtW&BM 1 7 A©KPSP 1 7 a&$to$ftl/—!fX 
flBJSflW* 1 * * LT» It 1 © nffl^ 7 » HlffM 
11 3A, »ltSttl^fi!Uil4A, «lOpS^7'y 
HJHRM 15A % B2©pIi*7y HlffJfiEl 1 6 
A, ^imffi7-n.y^lSfiitll7A,.^3©pS77 
« » HU&fiKl 1 8 A&V% 1 ©pS3 >^ 7 HffMI 

I 9 A t W UT<b^Wx ^ V^fcfTfc 7 C J: t «fc ») » 

a«i i±w-y77ii 2#gm-r5?fcei'— tf^? 

1 Hl±, ^ 1 ©nS* 5 <y HlffMl 1 3 Afrb 
% 1 OnS? 7 s» HI 1 3 Mif&Zn. % 1 fSttlffM 

II 4AA>e>!tli£tt!l 4tfff^$n, ^1©p§2^ 
7 -y YmBOM 1 5 Afr 1 © P 7 v HI 1 5 # 
Jfcf££ft, ^2©pS^7-y Hlff*fi£ll 6Aipe>^2 
©pg^7>y Hll 6tfffifig^ns %\'%&7v*>>?m 

» if£il 7Afre.mimiS7-D-y^ll 7#Bfi£?tt, 
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» Ki 1 8 MMZtl. % 1 ©pSn £ Mff^l 

1 9A*>e>Sgl©pSJ:3>** Ml 9*W$ftS. 

[0 0 5 4] &tc, 04 (a) ttRTJ^K:,, MOVP 

*£fc±Hfct>fct>T» mm&faO. 4/im©nMGa 
A s S> ft Si^SilgfflM v 7 7lBfi£Jf 2 0 A fcfiKft 

I^T* ^SISffl^^ylffMlf 2 0A© » 
±t, flgfftfttl. l#m©nS© (Alfl,7Gao.3) 
0. 5 1 no. 5P*»e>fc*5g2©nS* 5 y YMJBOM 2 3 
Ai:, &&&g#6 3 5nm~6 8 0nm2:ft5i&J&& 
1 Ga I nP*»£ft5MQW#fM©Sg2i££»© 
fiES24Ai: % ISJftfftO. 25/zm©pS© (Al 
0.7Gao.3) 0.5lno.5 P^e>'5:S^4©pS^75' 
YMmSMl 5At, t»imo. 0 0 9>um©pl!© 

(Alo.iGaoj) tSln^$I>ipc,l3;i%5<Dp§Lt 
y v KSJ&fSS 2 6 At, mmvto 1 /im©nS© (A 
10.5Gao.5) 0. 5lno. 5PA»e>%5^2SS7'D>yi' » 
JURMI 2 7 A i: £Ji&j5gSS# S . 

[0 0 5 5] 04 (b) t^1"«tdt:> B2miS 

"jtmmmv i Atmzm&v—ym^Bf&m 

mZMLX, Sg5©pS*7y KlJfMS2 6A£x 

taozhiz^, mimnyuytmi 7©rapsn 7 

a i:«K¥frfcffitf h 7-f 7«©«P» 2 7a SB 

twmm 2 7 A©±traas5 2 7 atfawsfts*? 

fc£Efct>fc^Tmff#&2. 2/mOpS© (Al 3i 
0. 6Gafl.4) 0. 5 1 no.5P4»e>%5^6©pSi'7f K 
JfffM12 8A£j£ft£-ti\ fg6©pli*7>.y 
KJIJBJftff 2 8 A©±£, H5iifi[©pS©GaAs4>e> 
% SSg 2 © pS3 hliil 2 9 Afc/ftHS* 

So 

[0 0 5 6] fcfc, 04 (c) fc^1-«t-5fc, Aftl/- 

1 sv^fei/— vmm&wk 2 §**x 
*nv* * lt, m$ mmm* * 7 rMBrnm 2 0 a, 

m 2©nS* 7 y KlJEjfiJUf 2 3 A, £ 2tStt«ffMl 

2 4A, I40pli'7'y 2 5A, &5©p « 
Si' 7 «y KIBfiEl 2 6 A, tg 2 m«E70 * *Jf AMI 

2 7A % l6©pS^7y K1JFM1 2 8 AStffg2© 
pS3>** MBfi£J12 9AK*tUT, ;W77|1 

"y7 7JIJ£jj£jI2 0 AA>6ft*ig£33gffl/<f77l 
2 0i:, ^2fiDnI^7'y KlJfci£B2 3AA>e>ft*!g 
2fflnSi7 7'V KJI23i:, ^2rSftlffM12 4A4> « 



e>ft5!82f£ttS2 4i;, S4© P e7-y KJIftM 
2 5A4»e>*5^4©pSi'7>y K12 5i:, Sg5©p 

mtvv tmxMJaz 6 Afrt>tti%s<Dp$i9 ? v v 

12 6hs !g2m«7'Dy7SJfM12 7A;b>£>ftSif§ 

2 8Afrf>ftS!g6©pM77f K12 8iu &2©p 
hlBfi£12 9Afre>ft5!fS2©pS3>* 

*H12 9i:££tr«jai:fc*. 
[0 0 5 7] ^**ft:U-1f^?lAi:*fe 
*NW*i/— lf^2Ai:©IB^|iI±©Hll, tftfc 

*>> ^jfe^i5i±©iaia*si&j-rs®isat^Dy^i 

1 7©^l©KPSCi:^2m^D>);^«2 7©raPg5 

2 7aii©raRII±^ £<fc*8 0/*m~3 0 0#mT-&S 
d t&mZ b^o MS 1 ©IIM£K&S¥«ttU-1fiil 

S3feiii?©gJgt±, *>mw*i/— lf^?©l6^^©Mll 
e. © 2 o© 1/ -if # ffl f § ft < ft S . 

[ o o 5 8 ] 0 5 as i <Dnmmmzm&i<— v 

x. muzmtm^y^^om&mtm-om^ii 
cttH-©«F^ftft'urv^a. 05t^i-«fcdt, 01 

C»f*»*I/— !fffl?7l/>f#, ^SftXV&fHSt 

anasc^ ««i^k> i/ua> (si) xttiSHbWfji 

(SiC) i>5>SS1f77i)> h 1 OOiffi±C^t> 

^fti/-tfjg? i ARmmm#\s-y%*2A 

ftttf^vi>>M 0©i@4»e)©^ltSttll4 

»i«i2«tti2 4*-e©*n*n©EiiHi, H2* 

[0 059] HRC % *M.§3t^?S^fe§3fc^?tt 

*<D%%m#m!tD&%®.w&m\isixx%*). 

Alt$n5)fefi^|pl±©ii^J;t)ffftton5fe^ s 
3fc«*«©i?rJ£Gmfc U— !f Jt^Alf Lft^^i:m^©«^ 
«0 ! aSfTftift<ft2». ^^T, *M-*«»U— tf*? 
1 A ii^fe^ftu-tf 2 A i:©&&#£©<4Sfi 
«l±, {§^JaS£fTft5±T«TBgi:ftS. 
[0 0 6 0] 0 5t*5lt5-y-7x">>h 1 0©±@©S 

rt^isi (x-y^ipi) ©^^©tasitaex ^m-*« 

1 A©MPg5 1 7 aSV^fe^frU-lf 
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m*2 ACDMP^2 7 a©&WD{4g©fi«fife£<* 

^ Cfttt7*hy V^774Xfi(C:fctt?>'.)V^77 
4©«g*©fc©Trfc£<, C©i§£li, 77<f*>h* 

-^©x*t «t >) ± 2 um(Dmm*®%iznm s 

[0 0 6 1] tf7T£>M OOiStcWLtS 

1 AKfc^Ttt, sfilffittJf 1 4frt>!gl©p§«3>* 
*HB19©»WPfc.fc!>ifcfc3ft, Sfe***!/-* 
*?2AC*WCtt, ^2rSttl2 4A>5,^2©pS3 

[0 0 6 2] L*»L*#6» (aabfcidt, ***** 

*7<y KlXOTSttJi©lWtt-*Cft*6ftln fto 
T, SrSftlfctttTfitgl HUHMCftti-CNU 
v 7 rl 1 2 XttffiSNfiffi't » 7 2 0 ©M)i&a 
*1-Sc:fcfci»>, Z £fa©&#£©ffiH8££fi&fc* 
*£fc#SSfcfc*. -£> KltSttMl 4£tf3f§2 iS 
ttJI2 4C»-r*»Rl l 4:fi*HH©««K:*HTtt»- 
»l©pffl:i:/**MI19JH«|2©pS3V**b » 
H2 9 ©$»££>), Z#fl©$g#&©{fil*ifiE£li& 

[0 0 6 3] oMK8C*V>Tttv Witt, 
4**l/-"!f 2 AtCfcttSSg 2 9^12 7 
©MJP&0. 3/zm-l. 0/zm©|5H"Caitfe»& 
CHU #6*»ftl/— !f*? 2A©»2©pS3>^^ 
M29©lfS2. 85 1/zm~3. 5 5 ljum©K 
H-CWM-SiktAD, 2o©*##V-tfI?l 
A, 2A©^^©i4S^ig«a{C^t5-J:A s -C^ 

[ 0 0 6 4 ] $ fc, &N»tie©£aj£ft*M 0 V P E 

fflJ-C&SOt?, ^3tMi©fiiSIIS*filll{C|fiI±1:tS. 
$fe> <fe©fiKfi*SJ:bT> S6fc»tt«&tt*©ilffll 
*fT*^S««|i^^^ (MBE) i££ffiOTt>«fc 
in 

[ 0 0 6 5 ] Ztz, % 1 ©*«&BC*nm 

tfjR? 1 A£?fcfe¥3lttU— »f^2 A i >) *> 

S. — Ifttc, *&MHtl'--1fllff2Att, A 1 Gal 4. 
nPt^tf*«ft:t«tt)«^n-CV^fe©x 6 0 0'C 
W±©^iS7a*7t:J:oT, pfiaP-JO hT-&£ 
EfS (Zn) #p!!4aWM^&ft©l£ttR1-3. d 
©fc©, SSfi^NW»/--!f*?2AftiS*PNMtl/-1f 
Ai^^JfetcffMTSfcs WPHWtl/— ifSK? 
1 A©§?iixflfc:^£iiS 6 0 0"Ctt±ffl^fi7'D-b7 
£2|l]t>»Sfc©, ^fe^»l/-tf^?2A© P S^ 
7 y KJf 2 5 £35 2 fgttJl 2 4 ^©MSS©&&#^ 
mt**). Sf§2iSfiJf2 4©&#8tt££{b£-e-tt* 
do ftoT, ^.l©*DSff^©«t3lc, AlGaAsS » 



At* C «f*?7 U -f ©tt^SVUiStt 

[0066] i onmm<o-mm) wt, 
b^©^ i ©nffly&®©-g^twfcov^Ei®£#Ra t& 

[ 0 0 6 7 ] 0 6 1 ©*M0&S©-ag&«fc»S¥ 

tf*?7b-f©»rii««**fCl^. 
Ts H6fc*lvC* ^ C****Stf fcH-©*fi&S 

«tttH-©«F^*ft-r^i:c*ft»iii3**e-r*. 0 

6KjjVr<fc5tc> nS©GaAsH«c5ifill±C 
fcfc, »li*3CJ:i»Si^t:»JB*JifciS5^MNW*:l/— tf 
1 BatF*e*«ftU— lf^?2 AAHr V 'J J/y* 

tcjgj££ftTi^. 

[0068] **#hc«5#*mmh*i/- j 9 mi 1 b 

li, £2©pS*7y K13 6#pS© (Al x 5Ga 
l-x5) o.5lno.5P*>e>fc!>> !gimSt70y*J13 7 
tfnf© (Al y 2Gai-y2) o. 5I no. 5P*>e>£!K % 
3©pSf 5"; K!3 8#pM© (Al X 6Gai- X 6) 
0.5Ino.5P*£fc!K 8lOp!(3>^H3 9# 
plGaAsfr^SM Mn©g»»&Si5^ 
1 Ai:S&*o -ffcfc*., MI2©pM 
*7»HJB3 6, MUmilit7n>y*l 3 7, ^3©p® 
^ 5 » HI 3 8 105pf3>^H3 9 ©£11 

^5©^7-y H126, ^2m«t7D-j/^H2 7, ^6 
©pM^5»y H12 8SV^2fflpffi3>^^M2 9 

[0 0 6 9] Z<D&51ZtZ£. ^3©p§?*7yFJf 
3 8 RVm 6 © p ®* 7 » HI 2 8 £ 1 @©fi£fiXg-C* 
»e£, tfe, ^l©pSn>^^M3 92ttf^2 
©pS^>^^H29£l EfflJ&Slfl-C-JIMT- § 5 

[o 0 7 o] wt, *&.mmz*m#u— mir 

[0 0 7 1] 07 (a) -07 (c) StF08 (a) ~ 

08 (c) (±^i <Dmmmm(D-mmm s u 

— tfl^?7 u-f ©gj§££©x|ilg©KIifi§fi!t£7* tt 

i^5. 

[0 0 7 2] ST, 07 (a) K^-TidC, t59^.«, 

(movpe) mm^x, nS© 

GaAs*e>*SSfil l±t, nS©GaAsipf>«: 
3/ty77JH2fc, mmVftl. 5>um©nS©Al 
0.5Gao.5Asi»t>)5:S^l©nSi'7-y Hl^JEfiffl 
3 At, 5 0nm~8 5 0nmi:«tSa^ 

^^UMif^O. 0 6/zm©AlGaAsA»e>&?>& 
lfgftlff^«l 4At, MJf^O. 25/zm©pS 
©Alo. 5Gao. 5Asipe>*S^l©pS^7-y HHffJ 
fi£«l 5Ai:, mm&ftO. 0 l/im©pS© (Al 
0.5Gao.5) 0.5lno.5 Pfrt>*Z%i2<DpQ? : 7y 
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YmfcmZSKts IUf^l/zmcDnSO(Alo.5 
Gao. s)o.5lno.5Pfr&&**l«*7oy*J|JBflfc 
3 7Afc**K«ft**6. 
[0 0 7 3] Kfc, 07 (b) tc^tidtc, aSlS«t 
vVWmm 3 7 A©±©55^W— if«7«AflU« 
lfcT^l/ts asi©n£!£7>y K1JFM11 3 A, 
fl 1 fSfiSffMl 1 4 A, SB 1 ©p®* 7 >y KlffMH 

1 5 A; »2©pS*7»K««BlUi3 6AfttFl6l« 
^^Di/^H^13 7 AtMUT{b^«x>y^>^§ 

D> ^U— IfJRqFJBlSMa 1 ttt, fjl©nSi'7>y 
YMB&M 1 3 AA>f>as 1 © nS^ 5 «y KJS1 3 MM 
Sft, » 1 «H£1££8 1 4 Ai>t>fi 1 iSttl 1 4 
JES^n. fSl©p®^7«y HlffMSl 5A*»e>fll© 
pS**7>yKJil 5*«;*tU aS2©p®*7-y KJf 
JFM13 6 AA>e>aS2©pM*7<y K13 6#}fM<* 
*U fiimS57 f Dy^UfM13 7Aipe>fllS^D 
>y*Jf 3 7#Jfc5&£n5. CCt% ffcfel/— 

[0 0 7 4] 07 (c) fcjf>-f«fc-5t^ MOVP 
EtttfflWC, SK'l l'±C#6J/— !f*?»|jl«W2 
§£tr£@tcfefcot, l&gtf&O. 4^m©nIGa 
A SJ&»f>&*i§$aSgfflM>y 7 2 0 Afcfijyi 

Sk^X, Ji5$ilSfflAy7TUfMS2 0Affi 
Wfil. l/zm©nM©(Alo.7Gao.3) 
0.5Ino.5PfrS>fc*i§2©n®*7f KU&Sl 2 3 
At, &&feft#6 3 5nm~6 8 0nmi:&a£fi&& 
^AlGa I nPA>t,fc5MQWfi|)i©f}2ffiffiJfJ& 
fi£«24Afc, H###]0. 2 5^m©pS©(Al 0 .7 
Gao.3) 0.5ln0.5 Pfr&fc3*4©pffl*7y KB 
JfM12 5Ai;, g»#&0. 0 0 9#m©p®© (A 
lO. lGao.g) o. 5 1 no. 5Pi>e>fcSaS5©pIl*7 *y 
KU&SJf 2 6Ai;, B8I##J 1 /m©nS© (Al 
0. 5Ga 0 . 5) 0. $1 no. 5Pi>e>fcSf52S^7"n <y*» 
JfMM 2 7 A i: fejg^fi^ -fr S . 

[0 0 7 5] 08 (a) CjjVfJ:$C, $2«% 

y tmmm 2 7 a©±©#&i/— if xmiim® 

2 * ur , mis—ym^Bf&mm 1 ©as mss 
7*0 » * 1 3 7 #sai * 5 $ -eft#*jx y ^ >^&frfc 

5. *©&> Smi/*:fjimil7-D>y^l3 7St;fl2 
m«7-Dy^lffM12 7A{CMbt, fj2©p®^7 
» KJIEdUi 3 6 as 5 © p M * 7 » K IJgJ&M 2 6 
A£*ft-etix>y^>^;* h >y^t1-5{b^xy^> 

57xh7-f 7-tt©g8Pg|5 3 7 a, 2 7a£|S|8*lCJW 
4. 

[0 0 7 6] 08 (b) izmt^olZ. MOVP 
Eifetif), g l@8it7-Ds/7«3 7JRVf}2SSS7-0 



•^ifM12 7A©±tHPSIJ3 7 a, 2 7atf£fc 
£ft5<fc9K£@fcfcfc7TIIB##j2. 2#m©pli 
© (Alo.6Gao.4)0.5lno.5 P^^^SfjOCpS 
*7>y KlffMJf 2 8A£jjSft£-ti\ fj6©p 
mvv KlJ£ftH2 8A©±t, i!5ii«©pM©Ga 
Asfre>*efS2©pS3>^^ MffM129A£f£ 

[0 0 7 7] 08 (c) C^t«fc5tlx f!2©p 
M=» * MffM« 2 9 A©±©f5tfH/— m?B!& 
«aiftlF*6l/— !fMmfcfi£Siii£2£v**LT> 1 
SMEffl'ty 7rlM12 OA, ft2CDn9*7?K 
■ffM12 3A, aS2iSffifffM! 2 4A, aS4©p® 

* 7 f KJfffMM 2 5 A, as 5 © p Si * 7 >y H Jf AMI 
2 6A, $ 2 m$St7"n.y*jfJ&figJl 2 7 A, aS6©p® 

* 7 -y FBBSM 2 8 ASVfi 2 © p ® 3 * Mlff£ 
fiK12 9At:MbT, Ms/7711 2X(±Sfil 1#S 
mi-5$T-{b^x<y^>^S(T«:o-C^Stg|3S}fM 

imiS7*ti>y£!3 7©±t, aS6©pS^7>y HSB 
» fi&12 8A*»e>fc*aS3©pI!*7>y H«38il, iS2 

©pM3>^^ MJfM«2 9A4»e.*5asl©pS3 
. >**h!3 9#J&!££ftSC:i:fc<fc»K 

— !f^? 1 B#£#1-*o *fil/—!f**3Prt« 

«2Ctt, asl©HJl5^SSi:PI-©«fiK©#fe*«(*l/ 

— !f#f2A4%**6. 

[0 0 7 8] d©i7t, *^0iJt<fc5i:, f!2©p 
7 y KS 3 6 5 © p m ? 7 »y HI 2 6 i: SP- 

©fflfiEi; u as i mssT-D «y tm 3 7 tas 2 s^^d >y 

7 ©i|a^fcU-CV^Sfc^^). as3©p§i* 

>• 7<y H13 SSVasOCpS^^'y KH2 8&-©^ 
ft!T-fe2.aS6©pS^7«y Hl^fltl2 8Afrt>ffM 
t-§S. -©*#ftltfe5aS2©pS3>^ 
^ YMB^M 2 9 AiP?>as 1 ©p®3 >^ M 3 9& 
vaS2©p®n>^^hS2 9&}fM-r-§Sfeti), 

[0079] *©±> &m^^D«y^«37> 27©M 
□SP3 7a> 2 7a^lttffl7*h'JV^77^XgT- 
JFMT- § 5 ^& V -Vm* 1 B , 2 A©l6)fe^©{4 

»o [ 0 0 8 0 ] fc*5, **«0»fctta»C» ^^#0:1/- 

ifjg^iB©as2©ps^7<yHi3 6, asimss^D 

>y*13 7StfaS3©pIi*7-yKS3 8©ffi/& £V 
{C^fe^tt^— If 2 A©aS 5 © p 7 >y KM 2 
6, aS2m^D<y^l2 72l^aS6©pS^7«yKl 
2 8©ffiJ5£££KAlGaAsi:b-Ct)<fc^. 

[00 8 1] (as 2 ©HJEffJS) WT, *^B^©^ 2 © 
HJSJf^t^l>-C0ffl$:#Sl/^A s t)^Wf5 o 

[00821 09 «±*^W©aS 2 ©HJ6ff^t:^5*5l 
frW— »ff&?7W©»rE}Sfifc£^bT^S. 09 JC^ 
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mm 3 tc«t v ftmzhtzm*mfrv— v 1 cm 
*6**»b— 2 c it* / >j » ? tcff^n-c 

[0 0 8 3] *^PMI»I/— tfimcii, astRi 1± 
Wi*»J**n» nglCGaAsfre&S^y??! 1 
2t. nS©Al x Gai- x As (0<xg 1) A»t>&S 
HOnI>7S' HI 1 3ts ^tBifeft^ 7 5 0nm~ 
8 5 0 nmfc^SfflfiE^JtoA 1 GaAs*>e>&aft 1 
Sllil4t pSOAljiGai-KiAs (0<xl^ 

i) a>p>ft53n©ps*7y hsi pscdai 

x2Gai-x2As (0^x2^1) *»£>fc£ft 2©pS?7 
7-7 Hll 6i:£#LT^5. 2*>£, ft2©pS*7 
•7HB16©±fc> pacDAl X 3Gai- X 3As (0<x 

3 £ 1 ) t)0SrtT-SiI^lpI{CJitF5 U » SWR 
&8oft3©pI!77y H!4 7i:, ft2©pM*7>y 
Hll 6©±fc:fcttSft3©pffi*7>y HI! 4 7©ffl# 

©*ac««*n, ft 1 4*>*>©s##©x* 

;Mr-<fc t) fc^^x*;!/*-** >y T'fe^onSOA 
l,lGai- y iAs (0<y 1^1) i>f>&5ft lSSST" 
n<7*!48^ KftlSi«t7"Dy*)f 4 8©±tft3 
©Pif7>> H«4 7£^tr±ECffM£ft&pS!®G 
aAsipf>*»)fO±®t^^ne^lpffl5m8i (0 
fctf-^*8M-rsftl©pS!:3>*7hJl 

4 9it££L-0^. 

[0 0 8 4] CBu /ty7rl 

1 2±t, ^fl^gftl/— !f*?l Ck»«*3*BT 

I^ftfcn£©GaAsfre>&3iti£IifiJ8>W77l 

2 0i; N nS© (AljGai-,) 0.5ln<).5P (0< z 
^1) fr&fcSft2©nS!*7*HS2 3i:, 

#6 3 5 nm~6 8 0 nmi:£5ffljE£&l$oA 1 Ga I 
nPA»e>&S£M?#F#tig©ft2tSftJf 2 4ii, p 
S© (Al x4 Gai- X 4) 0.5ln 0 .5P (0<x4^1) 
A»e>fc5ft4©pl!*7>y H«2 5i:, pS© (Al x5 
Gai- X 5) o.5lno.5P (0gx5^1) A>f>fc5ft5 

©pS^7^K«2 6i:^^fc^ao £e>t, ft5© 

pMtyv H12 6©±K, pS© (Al X 6Gaj- X 6) 
0.5Ino.5P (0<x6gl) A»e>fc»)ft3©p3!*7 
•y HI 4 7 kSSW CJEIFS 'J v 3>«M*ft»o»6© 
p9*7» HJf5 7fc, %5<DpM*7V K12 6©± 
*ft 6 ©pS* 7 » HI 5 7 <Z>fl«®fftt££Jft 
£*U ft2fSttl2 4frt>©Sgft*©x*;i,¥- < fc»)fc 
^^x^i/^-^yrfciSonM© (Al,aGa 
1-/2) o.5lno.5P (0<y2^1) A»e>fc5ft2mi6 
7*D.y7l5 8i:, Kl2SS57D-vi/H 5 8©±tcft 
6©pS*7-y HI 5 7 ££tr£ffi£J&f£;*ftfcpS© 
Ga A s *>e>fc D *©±@fcflM<*n*ft 2 pffiSmS 
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Ml 5 9i:£tUTV>*. 

[0 0 8 5] »20«BK»t*V^*» ft 1 ©ISM* 
!f**2 CC»l/TH»JB«T*2An = 2 x 

1 o-3~5 x 1 o^fcum-rsfcti)©^^-** 

[0 0 8 6] feTF, *2©30BK8Cfi6****b— !f 

n -r 

[0 0 8 7] 01 0 (a) -01 0 (d) 1 

(a) ~0i 1 (c) &%2®mmmim#i' 
-ym?7 1/ -r ©s53g^ffi©xg«©»fiB^&^ ut 

010 (a) fc^-TidC, «?5itf, MO 
VPEifefcflHvt, n§S©GaAs**>fc5g«l 1± 

ftl. 5xzm©nS©Alo.5Gao.5As4»e.%5^1 
©nl^ 7 y HU&fifcl 1 3 Ah, ftfittfttf 7 5 0 n 
m~8 5 0nmi:&S&j&&WLI&gtf#)0. 0 6/zm 
»• ©AlGaAsA»e>&SftliSft)fJfc$Jf 1 4Ai:, R 
Jf##j0. 2 5/zm©pS©Alfl. sGao. 5As4»t)55: 
sm©pS77-y Hl^fiEll 5Ah, k»^0. 
0 l#m©pM©A io,2Gafl. 8As^56:S^2©p 
Mi? v -v HBflMH 1 6 A i:> )RJP*««l2. 2/xin©p 
S©Alo.6Gao.4Asipf>fc5^3©pS£7y HH 

4 7 At*m#.f&&$-ttZo 
[0 0 8 8] 010 (b) C*Vf<fc5fc, ^3© 
pS7 7?/H«}fM14 7A{:WU^ ^2©pS77 
f Hl^riUf 1 6ASi^>W H >>^i:1-S{b^«I 

» *y?>?*mtrm£fT%*>zb£&!). ^3©pm^ 

7 y HlBfiS! 4 7 AjEp c> <J 9 ^^©^ 3 ©pSi' 7 
yHS4 7Sff$BE1-S. 

[00 89] 010 (c) fc^tiatl^ ^2© 
pS^7? HBffMSl 6 A©±t*(t5^3©pS^ 
79 H»4 7©{ffl*©S^t:na©A lo. 65G»0. 35 A 

s *» % 1 mm?v 9 tmBim 4 8 a *mvi® t 

K^t, ^lsat7-n»y^l}fjfiE14 8A©± 
Ci3©pl^7>y HI 4 7 ^tr^Btt)fct>-Ciliji 
I©pffi)GaAsH45il®pl3^nif5 
«• fiE14 9A*fi)tfi$-&S. 

[0 0 9 0] 010 (d) fcifx1-«fc-5fc:, ^1© 
P®3>^7 MffM14 9A©±©l3©pMi'7>7 

HS4 7 mTf&tfi&m U 

t> ft 1 ©nS* 7 v HlffMS 1 3 A, m 1 fS£i ffi> 
fig^l 4A, ftl©pS77y K1JBE£S1 5 A, 852 
©pS7 7 » YWteOM 1 6 A, ft 1 mm^O -j 9MB 
fi£^4 8ASlfft lOpf^^? MffM«4 9A(C 
^LT{b^x.y^>^S^dCi:{C«tt), Sffil 1 

±t^v7 7ii 2 4Jgmf -s^fei/— vm+ftzf&mm 
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(cli, m©ng!*7«y Vmrnmi 3AA»f>SfSl©n 

m 7 * m 1 3 #fm*tis ss i mmmm i 4 a 
*»&*itstt«i4*«»**n, miQvmtyyYm 
mm 1 5 A*>e>& iopi^7f hi i 5#««* 

ix, l2©pS^7f KJHBOIIl 6Aj&»&S2©pS 

«7fi«ii6 ME«*n» » i m«^n >^imi 

4 8Afr&m«*7*0 9*14 8WB«(?nx Si© 
pM3>** hllfi£14 9A3b>&iSlOpS3>^^ 

«2*JB*t*xy^>y«Hltt2S«l lCmSiT 

[0 0 9 1] &tc, 01 1 (a) fcjjVfidfc:, MOV 
PEtttiavvc, SKI 1±C*&I/— «f*^B«fi« 
2&^tr±Hfc:t>fct>T, RIPASftO. 4//mOnSG 
aAsfi>6&SA£MEJ9't977Bj£j^2 0A££ 
ttut* ltejWJB't9 7rJM$Jftll2 0A 
©±fc:, Kgtfttl. l/zm©nM©(Alo.7Gao.3) 
O.SIno.sPfr&tt*$2©n£979 YMtefflli 3 
At* D*®fcft#6 3 5nm~6 8 0nmi:&3S$£ 
J$oAlGaInPA>e>&SMQW8g©Sg2ig£llff* 
J&H2 4A2:, MUftBO. 2 5/zm©pU© (Al 
O.TGao. 3)0.51 no.5 Pfr&fcS^OpS^^.H 

2 5 kt, mmmo . o o 9 #m©ps© 

(AlojGao.9) 0.5 1 n'o. jP*»^*SJg50p®^ 
?*NHBdUI2 6Afc, KJ*#tt2. 2#m©p£© 

(Alo.6Gao,4) o. 5 1 no. sPA^fcS^eopS* 
7 * K1JFM1 5 7 A5feH*fiEft$#5. 

[0 0 9 2] 01 1 (b) C*r*3t, S6© 
pi?* 7 9 KJI&J&JI 5 7 Afc*tt**fel/— liWHg 
J«flltt2fc»l/t, »5©pffi*79 HIM12 6A 

tfr*9C:i:t<t fg6©pS*79 KJWBAII5 7 
Afr&fclK »3©pffl^7»H14 7i:BJf*fTt:3ii 
IF* U 9 5>JBtt©» 6 © p £7 7 9 KB 5 7 tjgj&f 
5. RUT, MOVPEi£t,fctK »5©pffl^*»K 
IJBdtl 2 6 A©±C*B-«» 6 ©pS* 5 9 HI 5 7 
©il£©flMK:n£!© (Alo.5Gafl.5) o.5lno.5P 
*»6«:*JB2*«7-D»^»B*15 8A*ji*lttC« 
J*-T*. RUT, »2«%7'Dy^M^jMiS8A®± 
fc»6©pll*?9 KJf 5 7ftdtr*lHCt)fc9T*« 
g©p§!©GaAs;b»£fcS8l 2p£3>y-7 hll 
fi£S5 9A£f£S<*1i-So 

[0 0 9 3] 011 (c) C*t*"5fc» ftftl/ 

jmatwi i siF^feu— if 2 * v 

77 LT, X$M>l8^9 7 7lX»MI2 0A, SB 2© 
n£7 7 9 KJI»JM 2 3 A, £ 2 i£&BJgjffl| 2 4 
A, £4©p£*7 9KJ|j&£J12 5A, SU5©pS7 
7 *> K JIJ&j&H 2 6 A, $ 2 ®SS7d 9 * JD&SJi 5 8 
A&tfSg2©p3?3>*7 HJlBfiJUf 5 9A(C*tLT> 

/f9 7rfli 2x&sffii i ^sars ST-<b^wx 9 



/I 

f->9*fefT&7t^fii»3^fi)it*. cntiDx * 

SU— WRflBrtW* 2 C*6*»(*l/— tf &x 2 C# 

*a*«*ft*. «^t, i©*6*aw*u— y*? 2 c 

tt> JS*«iE«^9 7 7l»dUi2 0A*»6ft«*Sa 
Sffl^f7 7l2 0fc, *2©nffl7 7 9 KlBfi£12 
3Afr&fcS*2©nl!77vK12 3i:, &2iSttl 
Jfcfi£I2 4A*>?>&5!fl2TS£Jf 2 4i:, 8§4©p£7 
7 9 KHJBJMI 2 5 AA> e>fc 58 4 © pS? 7 9 KJf 2 
&5©p£779KlffMl 2 6A*»e>fcSSg5 
io ©pS779KB26^ Sg2m^7097BJfcfi£15 
8A*>e>fc*Sg2S$it7D9 7Jf 5 8k. SH6©pI!* 
7 9 Ml 5 7 i:, !&2©pM=i>7 7bJlJMI15 9A 
*e,*a»2©pffl3>y-7 H5 9t*GtJm&ktt 

[0094] m&Ltzmi<D$mmmzm&\'- 
i>t>i3)S >t--7x b 7 w 7 , s©ms5^-^^;i/^tt-s 

«tfi&T-fc*©K*fU S2©^J£ff^tnlS^{*;l/- 
If^x^i/^ ft, pM7 7 9 Hl©±S5t U 9S?S5*Jg 
fi£U 9S>$©<W;£KmaS7D9 71£&l7Sc:i: 

[0 0 9 5] S2©HfiS}KSHc*)U-Ct) v &«SIS7 , D'«/ . 
71©x*;M=-¥+: ^7*tt&}Sttl©x^^-^-v 
9 7"j;»i*#v^ US 1 CDldBO^STIUli Ufc J: 
**MMMti/— "fSS? 1 CStFftfe^(*l/-if 
fgX2CK*rbT> j en^tlH«jBJT$MAniS2xl 
0"3~5 x 1 0-3i:«:S J;dt«1^7^-^feS*Ci 

[0 0 9 6] $fc> S»fi{»©^fe*#(*U— tf^X 2 
» Ct»±, «»77|1 2i:S2©nSi'7 9H«2 3i: 
©Htls »*fe*»»l/--!F*X2C©ft*«(«ga© 
aRftfi±**B.ojS*MMW*:i/--!>«x 1 C©S 1 fi 
ft« 1 4 i:©£«(Bfre>©^£fc318-rafc«>©}§i£8i 

C, 2C©«*jSl©ift«IIK**SCfl"3adlCfl±T? 
[ 0 0 9 7 ] ft7VM?ttU-if£X 1 Cfeftfe* 

imx2c<fc!)fcftfcffM-rsfctf\ ftfe^ 

i*U— tf^X2C©pS^7^H12 5, 2 6, 5 7H 
<• ^$n*pSH-^>h©3E^12tSttl2 4^it;i[ 

[0098] (S 2 a&wmaM 1 ttT, * 

mom 2<Dnmm<z>% 1 <BB«co^-cHffit#!H 
[0099] 01 2&m2<Dnm&&<D%i$BmK.9h 

012lC*5^t, 09t^t«tfi£gi5$ti:l5l-©« 

^asttt ttH-©»^ft»-rc: i: t ct >) num'mt 

st 1 l±(ctt. «-6IS3{cJ:!)i:v>{c^(5i?nfeft^« 
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*u-!f** i DRvfcm&ft^— 2 C 

[0 10 0] *l*»«fc«R*jS****U-!f*^l 
Dli> %2<DpMt : 7y K16 6#pS© (Al x5 Ga 
l-x5) o.sIno.sPA^fttK Ml3©pS?7y K16 
7#pM© (Al x6 Gai-x6) 0. 5 1 no. 5P*S>£ 
fBl*«7ns>*j|6 8#nS[© (Al,2Gai-,2) 
0.5Ino.5Pfr£ft!K Mll©pS3>** M6 9# 
pSGaAs*f,45M, ^2©SU6^SC#S^ 

iNiftb— if^ickiifta. -fftfr^ H2©ps 

^7^K16 6, ^3©pS^5>yH«67, MlimiS 

^ jSfeiNWti/— im?2c©*ti*ft*tts-rs, 

M55©*7>y KS2 6, i6®pS^77 K15 7, Ml 
2m$£7*D<;/*Jf 5 8&VMl2©pM3>**Kjf 5 9 

tO 10 1] Z<D£5£t it. $11^D«^§6 
8&VMI 2m«^D y £1 5 8 & 1 ls]©fiKftIgT-ffM 
T-§> MU©pM3>**M6 9&tfMl2©p 

[o i o 2] wt, mi i mmmz*m\'-?m¥ 

7 U 4 ©8j§3SfSsC -^T0(g Uft# &BHIIt 

[0 1 0 3] 01 3 (a) ~01 3 (c) &V01 4 
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